In the face of climate change, there is a growing need for research into the ability of organisms to persist at the limits of their bioclimatic envelope. American pikas (Ochotona princeps) have emerged as a focal mammalian species for investigating extinction risk related to climate change; however, most studies have occurred in characteristic alpine talus habitat within the range core. In the Columbia River Gorge (CRG), Oregon, American pikas inhabit low-elevation talus slopes previously considered outside the species' bioclimatic range. We used microsatellite genotypic data to reconstruct levels of genetic variation, population connectivity, and demographic history at 11 CRG sites spanning an elevational gradient (104-1,292 m). Sampled sites separated into 2 genetic clusters largely explained by elevation, topography, and geographic proximity, with pairwise estimates of differentiation and migration rates suggesting little gene flow may be occurring. Sites were characterized by levels of allelic richness and heterozygosity substantially lower than values reported at characteristic alpine sites from the range core. Evidence of recent demographic contraction was found almost exclusively at high-elevation sites despite these areas being considered refuges from climate warming in more typical habitat. Given their unique genetic characteristics and persistence in an atypical environment, the CRG pika populations likely constitute a significant component of intraspecific biodiversity with high conservation value.
Biodiversity faces increasing pressures from human activities, including habitat conversion and fragmentation, introduction of invasive species, direct harvesting, and pollution (Tittensor et al. 2014) . While these factors alone pose serious threats to biodiversity, they may be exacerbated by the ubiquitous effects of climate change (Jantz et al. 2015) . According to the Intergovernmental Panel on Climate Change (IPCC 2014) , global temperatures are expected to increase 2-6°C by the end of the century. The impacts of climate change on biological systems have been documented at multiple levels. Plant community composition is changing, and with that, the interactions that drive ecosystem dynamics (McCarty 2001; Root et al. 2003) . Poleward range shifts have long been demonstrated for a wide range of organisms such as alpine plants (Grabherr et al. 1994) , butterflies (Parmesan 1996) , and birds (Thomas and Lennon 1999) and may be occurring more rapidly than previously suspected (Chen et al. 2011 ). There have also been documented population declines and extirpations (Thomas et al. 2004) , with an estimated 25% of known mammal species at risk of extinction in the face of climate change (Schipper et al. 2008 ).
The current rate at which climate change is occurring is poorly matched by evolutionary forces such as natural selection (Sgro et al. 2011) . If wildlife species are unable to adapt to new conditions within their geographic range, or disperse to areas that have become environmentally suitable, population decline, extirpation, and eventual species extinction will result. There is a growing need for research into the ability of organisms to persist at the limits of their bioclimatic envelope, as this information will help assess the likelihood of adaptation or dispersal in response to changing environmental conditions.
The American pika (Ochotona princeps) is a small lagomorph that is patchily distributed across mountainous areas throughout western North America from central British Columbia and Alberta, Canada, south to the Sierra Nevada in California and east to New Mexico. Typically, American pikas live in talus slopes, forage in adjacent meadows, and cache vegetation in haypiles as a food source during the winter (Smith and Weston 1990) . However, across the broad range of the American pika, there is climatic and topographic variation, with some studies reporting evidence of local adaptive behavior in different regions (Simpson 2009; Henry and Russello 2013; Varner and Dearing 2014a) . Pikas have a limited thermal tolerance when not allowed to behaviorally thermoregulate, as was demonstrated in early experimental studies (MacArthur and Wang 1974b; Smith 1974b ). More recently, chronic heat and acute cold stress have been identified as climate metrics that may be good predictors of persistence patterns (Beever et al. 2010) . Pikas use rocks and underlying passageways of talus slopes to behaviorally thermoregulate (MacArthur and Wang 1974a) and take advantage of favorable microclimates that buffer hot summer temperatures (Beever et al. 2010; Millar and Westfall 2010; Henry et al. 2012a ). Yet, population extirpations and upslope range retraction have been documented in the past few decades, particularly in the Great Basin (Beever et al. 2003 (Beever et al. , 2010 (Beever et al. , 2011 (Beever et al. , 2013 . Dynamic models of climate-mediated extinction predict that pikas may be lost from as much as 80% of their current range by the end of the century (USFWS 2010). It remains poorly understood whether losses will be highest in American pika populations experiencing the greatest climate change, or those currently living in sites at the edge of the species' bioclimatic envelope (Beever et al. 2010 (Beever et al. , 2013 .
In the western Columbia River Gorge (hereafter referred to as CRG), Oregon, American pika populations inhabit the lowest elevation talus slopes on record in the United States (Verts and Carraway 1998) , once considered to be outside the species' bioclimatic range (Simpson 2009 ). This area presents an opportunity to study populations that may have unique behavioral and genetic characteristics not present in typical high-elevation, alpine populations. For example, in the CRG, pikas are rarely observed using haypiles to cache food since the abundant vegetation and mild winter climate of the area allow for yearround foraging (Simpson 2009; Varner and Dearing 2014a) . Understanding how American pikas use atypical habitats may help predict future distribution patterns and contribute important information for species management (Varner and Dearing 2014a) .
The overall objective of this study was to genetically characterize American pika populations in the CRG. Microsatellite genotypic data were used to quantify levels of genetic variation, investigate connectivity between elevationally distributed sites, and reconstruct demographic history. As most previously published research has focused on populations inhabiting alpine talus slopes at sites in the core of their range, this study provides an important source of information characterizing American pikas in an atypical environment.
Materials and Methods
Study area.-The CRG is located in the Pacific Northwest of the United States of America (Fig. 1) . The canyon follows the Columbia River for approximately 130 km and cuts a path through the Cascade Mountains, demarcating the Oregon and Washington state borders. Travelling the CRG from east to west, a landscape of dry, rocky hillsides and open farmland is replaced by one dominated by mountains, rivers, and lush forests. American pikas persist only in the western part of the CRG and have been documented near sea level for more than a century (Horsfall 1925; Simpson 2009 ). This population exists in conditions well outside the previously assumed bioclimatic range for American pikas, in terms of both temperature and precipitation, and the talus remains free of snow cover during the winter (Simpson 2009 ). These habitat characteristics are largely considered atypical for American pikas, which are more broadly found under the following conditions: talus located at elevations ranging from sea level to 3,000 m above sea level (masl) in the northern part of the range in Canada, and elevations above 2,500 masl near the southern range limits (Smith and Weston 1990) ; areas where deep snow cover provides winter insulation (Smith 1978) ; and habitat that experiences, on average, < 30 days/year with temperatures above 35°C (short summers), > 150 days/year with temperatures below 0°C, and a continuous freeze-free period < 120 days (Hafner 1993) .
Sample collection.-Google Earth satellite imagery was used to survey for potential sites in the CRG, and pika presence at a talus slope was confirmed by an initial observation period. A total of 11 sites were identified: 5 low-elevation sites between 0 and 300 masl and 6 high-elevation sites between 1,000 and 1,325 masl (Fig. 1 ). An individual site consisted of either 1 large talus patch enclosed by forest, or multiple smaller patches connected by talus corridors.
Individuals were sampled using noninvasive hair snares adapted from Henry and Russello (2011) . Locations where pikas were seen or heard, or where fresh latrine sites were found, were the primary targets for snaring. After a minimum 24-h latent period, snares were checked and samples collected. Hair was dried before storage in 15 ml tubes to minimize DNA degradation. The sampling period spanned 15 June to 15 July 2012. All sampling was conducted in accordance with American Society of Mammalogists' guidelines (Sikes et al. 2011) and was approved by the University of British Columbia's Animal Care and Biosafety Committee (protocol #A11-0371).
Laboratory analysis.-DNA was extracted using a Promega DNA IQ Tissue and Hair Extraction Kit (Promega, Madison, Wisconsin) and the manufacturer's protocol with the following modifications: 1) each sample was incubated in 100 µl of Incubation Buffer/Proteinase K solution at 56°C for 3 h under light agitation, 2) 200 µl of lysis buffer was added following the incubation, and 3) 60-100 µl of elution buffer was used depending on the amount of resin left in the tube after 3 washes.
Samples were genotyped at 9 microsatellite loci previously characterized in the American pika (Ocp02, Ocp06, Ocp07, Ocp10, Ocp11, Ocp13, Ocp15, Ocp19, Ocp25-Peacock et al. 2002) . Due to the low DNA quality and quantity that is typical of hair samples as a starting material, a 2-step multiplex approach was implemented to enhance the amplification of microsatellite loci (Piggott et al. 2004 ). The 1st step involved a multiplex PCR that amplified multiple loci simultaneously in a single reaction. Multiplex PCRs were carried out on an ABI Veriti thermal cycler in 25 µl reactions containing 1-25 ng of DNA, 10 mM Tris-HCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.08 µM of each primer (10 primers in total), 0.2 mM dNTPs, 10 µg bovine serum albumin, and 1 U of AmpliTaq Gold DNA polymerase (Applied Biosystems, Foster City, California). Cycling parameters were set at 95°C for 10 min, 25 cycles of 95°C for 30 s, 50°C for 90 s, 72°C for 45 s, and a final extension at 72°C for 10 min.
The product of the multiplex PCR was used as the starting material for subsequent individual PCRs with each primer pair. All forward primers were 5′-tailed with a M13 sequence [5′-TCCCAGTCACGA-CGT-3′] to facilitate automated genotyping. Specifically, the M13-tailed forward primer was used in combination with a M13 primer of the same sequence, 5′-labeled with 1 of 4 fluorescent dyes (6-FAM, VIC, NED, PET), thereby incorporating the fluorescent label into the resulting PCR amplicon (Schuelke 2000) . In addition, reverse primers were modified following Brownstein et al. (1996) to improve genotyping. The 12.5 µl reactions for the 2nd step contained 1.5 µl of PCR product from the 1st step, 10 mM TrisHCl (pH 8.3), 50 mM KCl, 1.5 mM MgCl 2 , 0.08 µM of forward primer, 0.8 µM each of the reverse and M13 primer, 0.2 mM dNTPs, 10 µg bovine serum albumin, and 0.5 U AmpliTaq Gold DNA polymerase (Applied Biosystems). A touchdown cycling program was used for all loci except Ocp06, with parameters set at 95°C for 10 min, 35 cycles of 95°C for 30 s, 30 s of annealing, 72°C for 45 s, and a final extension at 72°C for 10 min. The annealing temperature decreased by 1°C per cycle from 60 to 55°C until reaching the sixth cycle, at which point the 29 remaining cycles continued at 55°C. For Ocp06, cycling parameters were maintained except for the annealing temperature, which was held constant at 50°C. PCR products were co-loaded and run on an ABI 3130XL DNA automated sequencer. Two independent investigators manually scored all alleles using GENEMAPPER 4.0 (Applied Biosystems).
Data quality.-To ensure accurate genotyping, each PCR was repeated at least twice for heterozygote genotypes and at least 3 times in order to confirm homozygotes. Given the noninvasive sampling approach, the same individual may have been represented by more than 1 hair sample. In order to identify repeat individuals, a multilocus match analysis was performed in GENALEX (Peakall and Smouse 2006) . From a pair of samples that matched at all loci, or all loci but 1 (excluding missing data), the sample with the least missing data was retained. The genotypic dataset was examined for evidence of large allele dropout and presence of null alleles (i.e., an allele that consistently fails to amplify at detectable levels) using MICROCHECKER (Van Oosterhout et al. 2004) . Deviations from Hardy-Weinberg equilibrium (HWE) and linkage equilibrium were assessed using exact tests, as implemented in GENEPOP 3.3 (Raymond and Rousset 1995; Rousset 2008) . Type I error rates for tests of linkage disequilibrium and departure from HWE were corrected for multiple comparisons using the sequential Bonferroni method (Rice 1989) . The single locus and multilocus probabilities of identity were calculated in GENALEX (Peakall and Smouse 2006) .
Within-site genetic variation.-Rarefied allelic richness (A R ) was calculated for each site using HP-RARE (Kalinowski 2005) . Observed (H O ) and unbiased expected heterozygosity (UH E ) were calculated for each site using GenaleX 6.5 (Peakall and Smouse 2006) . Pairwise and mean site-level relatedness (R XY ) were calculated according to the method of Queller and Goodnight (1989) in GenaleX 6.5 (Peakall and Smouse 2006) . Inbreeding coefficients (F IS ) were calculated for each site and deviation from 0 was assessed using 100,000 permutations as implemented in Fstat (Goudet 1995) .
Among-site connectivity.-To assess levels of population subdivision within the data set, a Bayesian clustering analysis was implemented in stRuCtuRe (Pritchard et al. 2000) . Run length was set to 1,000,000 Markov chain Monte Carlo (MCMC) replicates after a burn-in period of 500,000, using correlated allele frequencies under a straight admixture model, as well as using the loCPRioR option (which uses sampling locations as prior information to assist in clustering). The most likely number of clusters was determined by: 1) varying the number of clusters (K) from 1 to 15 with 20 iterations per value of K and 2) implementing the ΔK approach (Evanno et al. 2005) in STRUCTURE HARVESTER (Earl and Vonholdt 2011) . We also used the model-based Bayesian approach implemented in BAPS (Corander et al. 2003 (Corander et al. , 2004 (Corander et al. , 2008 to infer the optimal number of clusters within our data. We used the "Clustering of groups of individuals" option and performed 20 replicate runs, setting the maximum number of K to 15 consistent with the STRUCTURE analysis. We also ran BAPS enabling fixed-K clustering using the optimal number of clusters inferred from the STRUCTURE analysis (see "Results" below) to allow for direct comparisons between the outputs of the different analytical approaches.
Analyses of molecular variance (AMOVA) were performed in ARLEQUIN (Excoffier and Lischer 2010) to explore the distribution of genetic variation using the following grouping strategies: 1) by site, 2) by inferred STRUCTURE clusters, and 3) by inferred BAPS clusters. Levels of genetic differentiation among sites were estimated by pairwise site comparisons of θ, an unbiased measure of F ST (Weir and Cockerham 1984) , as implemented in GENETIX using 1,000 permutations (Belkhir et al. 2004) . Multiple comparisons were corrected for using the false discovery rate correction (Benjamini and Hochberg 1995) .
To test for nonrandom associations between genetic differentiation and geographic distance, a Mantel test was performed using the ISOLATION BY DISTANCE WEB SERVICE and default parameters (Jensen et al. 2005) . For the genetic distance matrix, we used the θ (Weir and Cockerham 1984) values described above. For the geographic distance matrix, we generated least-cost pathways between all pairwise combinations of sites using R (R Development Core Team 2015) and the raster (Hijmans and van Etten 2015) and gdistance (van Etten 2015) packages. We used 2 geographic layers derived from a digital elevation model: elevation (meters) and slope (radians) and built a cost surface for each. We multiplied the elevation layer by the slope layer (in radians + 1, range of 1-2.4) to increase the cost of moving upslope in areas of steep terrain. Least-cost paths (in meters) were generated for all pairwise combinations by minimizing the cost incurred along the path between sites. The analyses were also repeated using the same parameters but conducted individually for sites grouped by elevation including high (I, Q, B, U, D, R) with and without site M (see "Results") and low (H, T, J, Y), respectively.
The directions and magnitudes of contemporary migration rates among sites were estimated using a nonequilibrium Bayesian method implemented in BAYESASS v3 (Wilson and Rannala 2003) . The program run length was 10,000,000 MCMC replicates after a burn-in period of 1,000,000, sampling the chain every 100 iterations. Consistency of the results was assessed by running the program 5 times using different random seeds and monitoring the output visualized in TRACER (Rambaut and Drummond 2007) .
Demographic history.-Genetic signatures of recent demographic contraction were investigated for each site using: 1) the heterozygote excess test and 2) the mode-shift test, both implemented in BOTTLENECK 1.2.02 (Cornuet and Luikart 1996) . For the heterozygote excess test, significance was assessed using 100,000 iterations with the Wilcoxon sign-rank test under a 2-phase model with 90% stepwise mutations.
results
Data quality.-A total of 316 hair samples were acquired from the 11 sites (Fig. 1) . After DNA extraction and PCR amplification, 6 samples failed to PCR amplify at any locus and were presumed to be of non-pika origin. From the remaining samples, 202 were retained with information at 6 or more loci. The conservative approach to detect repeat individuals removed a further 47 samples, producing a final count of 155 unique pikas. Sample sizes ranged from 6 to 28 individuals per site ( X = 14.1; Table 1 ). The overall dataset contained 19.4% missing data, under the 20% threshold recommended by Smith and Wang (2014) for conservation genetic studies using noninvasively sampled materials.
There was no evidence for large allele dropout but there was some for null alleles, with no consistent patterns emerging that warranted the removal of a locus. Ocp07, Ocp15, and Ocp06 were flagged for potential null alleles in 3, 4, and 5 sites, respectively. Other loci (Ocp02, Ocp10, Ocp13, and Ocp25) were found to have null alleles in only a small proportion of sites (n = 1-2). There was no evidence of linkage disequilibrium across any pairwise comparisons following sequential Bonferroni correction. Deviation from HWE was found at a few loci at some sampling sites. Specifically, Ocp06 and Ocp15 deviated at 3 sites, while Ocp25 and Ocp07 deviated at 2 sites. There was no single site with more than 2 deviating loci. As no consistent patterns of null alleles or deviations from HWE or linkage equilibrium were detected across sites, downstream analyses were based on genotypic data at all 9 microsatellite loci. The probability of identity varied across the 9 microsatellites, ranging from 0.14 (Ocp02 and Ocp06) to 0.73 (Ocp25). The multilocus probability of identity for this suite of 9 microsatellite loci was 7.3 − 10 −4 , providing confidence in our ability to detect unique individuals.
Within-site genetic variation.-Within-site genetic variation was low, with rarefied allelic richness averaging 2.77 per locus, and mean observed and expected heterozygosities of 0.39 and 0.54, respectively (Table 1) . Pairwise relatedness at the site level ranged from −0.08 to 0.31, with an average of 0.14 ( Table 1) . Inbreeding coefficients were always positive, ranging from 0.21 to 0.40, all of which differed significantly from zero (Table 1) .
JOURNAL OF MAMMALOGY
Among-site connectivity.-The clustering analysis performed in STRUCTURE revealed significant population subdivision within the dataset. There were 2 genetic clusters detected, with ∆K modal at K = 2 (∆K 2 = 18.1; Fig. 2 ). Individuals from high-elevation sites (U, I, Q, B, D, R) clustered together while individuals from low-elevation sites (H, T, Y, and J) generally clustered together, with the exception of site M, which grouped with the high-elevation sites. In contrast, BAPS inferred 7 clusters (Supporting Information S1), with 4 sites constituting unique clusters and 3 additional clusters made up of 2 or more sites. Specifically, 2 low-elevation sites (Y and J) and 2 high-elevation sites (D and R) each formed distinct clusters. Interestingly, low-elevation site M formed a cluster with 2 high-elevation sites (D and R) consistent with the results from STRUCTURE. Likewise, when BAPS was run fixing K = 2, the results were entirely concordant with the STRUCTURE analysis, largely demarcated by elevation with the lone exception of site M (Supporting Information S1).
The AMOVA revealed that the among-site component of genetic variation was maximized by the 11 groupings based on sampling location (12.5% among sites, 87.5% within sites) as opposed to the 7 groupings based on BAPS (10.6% among sites, 89.4% within sites) or the 2 groupings based on STRUCTURE (6.1% among sites, 93.9% within sites).
Significant genetic differentiation was detected for most (80%) of the pairwise site comparisons of θ (P < 0.037 after correction for false discovery rate), with average values centered on 0.119 (Table 2 ). An overall pattern of isolation by distance (IBD) was detected (r 2 = 0.143, P = 0.006) based on Mantel tests, where among-site genetic variation was positively correlated with geographic distance. This pattern did not hold when the IBD analyses were repeated by elevation, with no relationship found between genetic and geographic distances for the high sites including site M (r 2 = 0.001, P = 0.507), high sites not including site M (r 2 = 0.021, P = 0.342) or the low sites (r 2 = 0.121, P = 0.409) alone.
The high degree of differentiation was reflected in the low estimates of recent migration rates (m; the proportion of migrant individuals per population per generation), which ranged from 0.009 to 0.142, with an average of 0.023. These values were compared to the suggested migration rate at which 2 populations exchange sufficient migrants to influence each other's dynamics (m = 0.1) (Hastings 1993 ). Significant migration was only found between 2 neighboring high-elevation sites (from site D to site R).
Demographic history.-There was evidence for recent demographic contraction, largely restricted to high-elevation sites (Table 1) . Sites I, Q, and R showed significant heterozygote excess and shifted allele frequency distributions, while another 3 sites exhibited shifted allele frequency distributions only (sites B, D, and J). 
discussion
Although pika occupancy has been reported in atypical habitats (Smith 1974a; Simpson 2009; Millar and Westfall 2010) , little research has been directed towards genetically characterizing such populations. The only other studies to date have been the pioneering research conducted on the Bodie, California populations inhabiting talus formed from the tailings of abandoned gold mines Smith 1997a, 1997b) . If climatic conditions follow predicted warming trends, what is currently considered "atypical" habitat might be more commonplace in the future. Studying and categorizing such areas may provide insights into the adaptive potential of the American pika and inform projections of future distribution patterns. Population connectivity.-The sampled sites in the CRG separated into 2 clusters that are largely explained by elevation, topography, and geographic proximity. Sites H, T, Y, and J (composing 1 cluster) are all low-elevation sites situated beneath large cliffs that likely serve as a barrier to upward dispersal. These sites are geographically proximate (e.g., sites H and T are 350 m apart; Y and J are 690 m apart) and are possibly connected by small, overgrown talus patches within the intervening forest; in fact, there were several instances when pikas calls were heard in these surrounding areas (K. Robson and C. Lamb, pers. obs.). The other cluster is largely composed of high-elevation sites (U, I, Q, B, D, and R) distributed from 0.87 to 7 km apart, with an average distance of 3.6 km. Based on this information and recorded maximum dispersal distances for American pikas ranging from 300 to 10 km (Smith 1974b (Smith , 1974a Hafner and Sullivan 1995; Beever et al. 2010) , it is likely that there is some connectivity between these high-elevation sites, especially given the presence of intermittent talus patches that might facilitate dispersal (K. Robson and C. Lamb, pers. obs.). Site M is the one anomaly; this low-elevation site showed membership within both the stRuCtuReand BAPS-assigned cluster of high-elevation sites. Although the nearest high-elevation site (U, 4.98 km) is slightly further from site M than the nearest low-elevation site (W, 4 .28 km), a close examination of the habitat and topography does provide evidence for easier movement between site M and the highelevation sites. The elevation profile above site M is gradual in contrast to the steep rock cliffs that border the other lowelevation sites. In addition, there are several stepping stone talus patches connecting site M to nearby high-elevation sites (K. Robson and C. Lamb, pers. obs.). Furthermore, the habitat matrix between site M and the other low-elevation sites is almost entirely dense forest. Taken together, these factors may have facilitated dispersal and gene flow along the elevational gradient, instead of laterally to the other low-elevation sites.
Despite the findings of 2 major STRUCTURE clusters, pairwise estimates of differentiation and contemporary migration rates suggest very limited gene flow may be occurring among sites even within each cluster. The lack of significant migration between sampling sites is consistent with the higher resolution structure detected using BAPS as well as the characterization of pikas as philopatric mammals with a limited dispersal capacity. Although conducted at different scales, our findings of fine-scale population structure are consistent with other microsatellite-based studies of American pika conducted elsewhere across their range, including in the Ruby Mountains and the East Humboldt Range, Nevada (Merideth 2002) and at the northern range margin in Tweedsmuir South Provincial Park in British Columbia, Canada (Henry et al. 2012b) . However, based on the geographic distance separating our sites in the CRG, there are some cases where significant migration might be expected but was not detected (e.g., between sites H and T, < 400 m apart, and between sites Y and J, < 700 m apart). The low-elevation sites H, T, Y, and J are located in dense forest; it is possible that this habitat matrix discourages dispersal, which is consistent with the site M anomaly discussed above. An alternative explanation is that habitat saturation, as a result of abundant food resources in these low-elevation sites, increases behavioral conflict. Agonistic behavior by resident adults toward juvenile immigrants may discourage dispersal ("social fence" hypothesisHestbeck 1982), as has been hypothesized for collared pikas (Zgurski and Hik 2012) . Therefore, effective American pika dispersal in the CRG may be limited by abiotic and biotic factors, including both landscape heterogeneity and behavioral exclusion. Additional targeted studies would be required to tease apart the relative roles of biotic and abiotic factors in generating the observed patterns.
Within-site genetic variation and demographic history.-The CRG sites sampled were characterized by low levels of allelic richness (2.77) and observed heterozygosity Castillo et al. 2014) . In contrast, metrics of sitelevel genetic variation were more similar between the CRG and another peripheral population sampled at the northern range margin in Tweedsmuir South Provincial Park in British Columbia, Canada (Henry et al. 2012b ). In both cases, sampled sites consistently exhibited a heterozygote deficit and substantially lower levels of genetic variation (A R = 2.8-2.9- Henry et al. 2012b ; this study). These results suggest that different levels of variation may exist between populations in the range core and those at geographic and climatic peripheries, consistent with both theoretical predictions and empirical findings across a range of species (Lesica and Allendorf 1995; Durka 1999; Eckert et al. 2008 ). This pattern has been previously demonstrated in an investigation of climate change impacts on 2 other lagomorph species, the volcano rabbit (Romerolagus diazi) and the mountain hare (Lepus timidus) (Anderson et al. 2009 ). In the case of the volcano rabbit, Anderson et al. (2009) developed models that predicted differential responses to change of the leading and trailing edge margins, and a greater sensitivity to climate change at the range limits when compared to the metapopulation centroid. Additional population genetic/genomic studies employing expanded, range-wide sampling are necessary to develop and test such models for the American pika. The findings of Anderson et al. (2009) may also offer insights into the evidence of recent demographic contraction in the CRG pikas found almost exclusively at high elevations. Observations from the field described these sites as relatively hotter and drier and also reported several nearby sites with old signs of pika occupancy (e.g., decaying and scattered haypiles and single fecal pellets), but no current activity (K. Robson and C. Lamb, pers. obs.). The high-elevation sites in the CRG may be subject to greater environmental stress, including elevated rates of warming (Pepin et al. 2015) and reduced microclimatic buffering than observed at lower elevations (Varner and Dearing 2014b) . Long-term occupancy surveys of pikas in the CRG are currently underway (E. Beever, United States Geological Survey, pers. comm.) and may help shed further light on these elevation-specific patterns of population history and persistence.
Relatedness and inbreeding.-Averaging across all CRG sites, there was high relatedness and high levels of inbreeding. However, some curious patterns emerged at the individual site level. Specifically, sites I, B, and Q exhibited very low relatedness values coupled with high inbreeding coefficients. These results are consistent with those of Peacock and Smith (1997b) , who documented mating between pikas of intermediate relatedness (e.g., mating between half-siblings, pairwise relatedness R XY = 0.25). In the CRG, pikas showed a mean relatedness of 0.14 across all sites; this value is within the range of what might be produced by mating between individuals of intermediate relatedness. However, these findings should be interpreted with caution. It is possible that the conflicting results for some of the sites are a result of small sample sizes or inaccuracies associated with marker-based estimators of relatedness, which may result from genotyping errors and discrepancies between observed and true genotypes (Blouin et al. 1996; Russello and Amato 2004) .
Conservation implications.-In late 2010, the United States Fish and Wildlife Service declined a petition to list the American pika under the Endangered Species Act (USFWS 2010). The ruling was justified in part because of a lack of evidence for population declines and extirpations across the entire distribution (USFWS 2010). Our results for American pikas inhabiting the CRG begin to fill this knowledge gap. Moreover, given their persistence in an atypical environment, the CRG pika populations likely constitute a significant component of intraspecific biodiversity with high conservation value (Safriel et al. 1994; Lesica and Allendorf 1995; Gibson et al. 2009 ). Expanded study across the entire range of the American pika remains essential for assessing current status, projecting vulnerability to future climate change, and informing conservation plans. 
